Introduction {#sec0005}
============

Congenital clubfoot (CCF), also known as congenital talipes equinovarus, is the most common orthopedic deformity that requires intensive treatment[@bib0070] and affects approximately 1:1000 live births.[@bib0075]

It is a congenital dysplasia of all musculoskeletal structures (muscles, tendons, ligaments, osteoarticular and neurovascular structures) distal to the knee.[@bib0070] The foot presents equinus, cavus, varus and adducted positions, and is supinated.

CCF etiology may be associated with myelodysplasia, arthrogryposis, or multiple congenital abnormalities, but the most common presentation is the isolated deformity, which is considered to be idiopathic. Many theories have been proposed to explain the etiology of idiopathic CCF. They are related with vascular impairment, external factors (intrauterine positioning), abnormal muscle insertions, and genetic factors.[@bib0080] In normal fetal development of the lower limbs, between the 6th and 8th week of intrauterine life, feet are similar to clubfeet (equinus, cavus, varus, adducted, and supinated), but by the 12th week the feet move to the normal position. This means that the condition may be due to the permanence of the foot position at the beginning of development. It is safe to state that the CCF etiology is multifactorial and modulated by changes in embryonic development.[@bib0070]

CCF treatment has been a challenge to orthopedic surgeons. The first treatment reports come from the 19th century, with the use of devices for forced manipulations. In the 1980s and 1990s, soft-tissue posteromedial release surgeries were performed. This procedures yielded poor outcomes, with stiffness, pain, and functional impairment of the foot.[@bib0085]

The Ponseti method is widespread worldwide. It consists of a series of manipulations and immobilizations, as well as Achilles tenotomy to correct CCF deformities. After tenotomy, an orthosis is used to maintain the correction obtained and prevent recurrence.[@bib0080], [@bib0090], [@bib0095], [@bib0100]

This study aimed to quantitatively and qualitatively analyze the results of treatment for CCF performed by the Pediatric Orthopedics team of our service. Data analysis refers to patients on with mean follow-up of 4.6 years. Through the data obtained, the degree of efficiency and satisfaction with the treatment in our service were assessed.

Methods {#sec0010}
=======

The research project was approved by the Medical Ethics Committee of the institution.

The study retrospectively evaluated 26 patients undergoing CCF treatment with the technique described by Ponseti,[@bib0090] from August 2003 to May 2012, comprising a total of 39 feet. The mean age of treatment onset was 5.65 months (1 month to 3 years and 10 months). The mean follow-up time after Achilles tenotomy was 4.6 years (3 months to 8.58 years).

The medical records of all patients treated by the Ponseti method for idiopathic CCF were reviewed. Patients with CCF with neurological or other origin were excluded, as well as those undergoing other treatments. During the review of medical records, the following data were collected: age, date of treatment onset, laterality, presence of comorbidities, number of plaster cast exchanges, age at (and date of) the Achilles tenotomy, and the need for other procedures.

After reviewing the medical records, patients were referred for outpatient follow-up, when gait and range of motion were assessed, and answered the evaluation questionnaire developed by Laaveg and Ponseti[@bib0105] ([Appendix 1](#sec0045){ref-type="sec"}). Anteroposterior and lateral radiographic imaging of the treated feet were made to measure the Kite angle (talocalcaneal angle; [Fig. 1](#fig0005){ref-type="fig"}, [Fig. 2](#fig0010){ref-type="fig"}). Before answering the questionnaire and undergoing physical examination, patients were informed about the study and the parent/guardian signed the informed consent.

Ponseti method {#sec0020}
--------------

This technique, developed by Ignacio Ponseti, combines manipulation, serial plaster cast immobilizations, percutaneous Achilles tenotomy, and abduction orthosis.

Manipulations and immobilizations were conducted by residents of the Orthopedic Surgery team in an outpatient clinic, under the supervision of an experienced pediatric orthopedic surgeon.

The cast changes were made weekly or every two weeks, according to the evolution aspect, and always started by cavus correction, followed by gradual correction of the adduction, supination, and varus ([Fig. 3](#fig0015){ref-type="fig"}).

After correction of the cavus, varus, adduction and supination, the percutaneous Achilles tenotomy for equinus correction was scheduled.

Achilles tenotomies were performed in the surgery ward with patients under general anesthesia by training residents, under the supervision of an experienced pediatric orthopedic surgeon.

After asepsis and antisepsis of the surgical site, percutaneous Achilles tenotomy was performed with a No. 11 scalpel blade. After suture and dressing, a long leg plaster cast was placed to maintain the correction achieved by surgery.

After three weeks of tenotomy, the plaster cast was removed and the use a Denis-Browne abduction orthosis was initiated, with 70° of external rotation for the pathological foot and 40° for the normal foot, used 23 h/day in the first three months, and then only at night (12--14 h/day) until four years of age.

Results {#sec0025}
=======

In the present study, 39 feet from 26 patients were treated: 20 left feet and 19 right feet. The mean age at onset of treatment was 5.7 months (1 month to 3 years and 10 months) and mean age at tenotomy was 10.3 months (4 months to 4 years and 3 months). The mean number of plaster cast used was 8.3 per patient, ranging from 3 to 14.

Of the 26 patients treated, one had deformity recurrence. In this case, it was necessary to resume treatment from the beginning, with new serial casting and new Achilles tenotomy.

The mean score of the questionnaire and physical examination was 89.76, ranging from 69 to 100 ([Appendix 2](#sec0050){ref-type="sec"}).

The results were classified as excellent when the score was between 90 and 100 points; good, 80--89; fair, 70--79; and poor, lower than 70.

Fifty seven percent of the patients answered that their feet never ached; 42% had pain on exertion; 88% answered that the foot did not limit their activities; 7% reported occasional limitations during activities; 5% reported frequent limitations during activities; 73% said they were very satisfied with the results of treatment; 23% were satisfied; 4% reported being neither satisfied nor dissatisfied ([Fig. 4](#fig0020){ref-type="fig"}).

The mean passive motion score was 7.61, ranging from 2 to 10.

The mean anteroposterior view Kite angle of right feet was 28.62° and of left feet, 27.68°. Mean lateral view Kite angle of right feet was 27.34° and of left feet, 24.93°. The mean overall anteroposterior view angle was 28.14°, and mean overall lateral view 26.11°.

Discussion {#sec0030}
==========

The Ponseti technique for the treatment of CCF has been available and used for over 50 years, but it has gained popularity only in recent decades.[@bib0110]

Bor et al.[@bib0110] conducted a study in which 74 patients were treated with the Ponseti method and were followed-up for a mean of 6.3 years. They assessed foot motion and applied a DSI questionnaire, in which all patients showed high satisfaction with the end result and 89% presented good foot motion. In the present study, the mean patient follow-up after tenotomy was 4.6 years, and the questionnaire and physical examination developed by Laaveg and Ponseti were assessed.[@bib0105] The results of the questionnaire and physical examination was 89.76 points, classified as a good score.

In a study that compared the results of surgical treatment by open CCF release with those obtained by Laveeg and Ponseti,[@bib0105] Dobbs et al.[@bib0115] observed a mean score of 65.3 points *versus* 87.5 points, and excellent and good results in 33% of patients *versus* 74% respectively. They reported that patients treated with open surgery presented weakness in the tibiotarsal and subtalar joints, arthritis, loss of muscle strength (especially the sural triceps), pain and residual deformity. They also reported need of further surgery in 47% of cases.[@bib0120], [@bib0125] Nonetheless, the authors indicated that this is the only option in case of failure to the Ponseti method.

Ipolito et al.[@bib0130] compared the Ponseti method to another method (Marino-Zuco) and demonstrated the effectiveness of the former in deformity correction using only a simple Achilles tenotomy, in contrast with the latter method, which required more aggressive release surgeries that influenced the outcome of the two groups (78% *vs*. 43% excellent and good results respectively).

Ponseti et al.[@bib0095] published a study with 322 CCF cases treated by their team, including not only idiopathic CCF, but also patients with neurological diseases and arthrogryposis, in which most had severe clubfeet. Due to the greater severity of deformities, 56% presented recurrences; of these, 18% had a second recurrence and 10% had a third relapse, needing not only Achilles tenotomy, but also medial soft tissue release.[@bib0095] In the present study, all patients had idiopathic CCF, which is considered to be the mildest form, with the best treatment outcomes. In our series, only one patient had deformity recurrence, requiring to restart the treatment, with new serial casting and new Achilles tenotomy.

Conclusion {#sec0035}
==========

Currently, the Ponseti method is the treatment for idiopathic CCF that provides the best results, associated with minor soft tissue injury. However, it is a treatment that requires a major commitment from both the family and the orthopedic surgeon, from the period of plaster casting to the essential correct use of the orthosis after the tenotomy. The study presented similar results to those obtained by Laaveg and Ponseti, confirming the effectiveness and good reproducibility of the method.
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CCF functional assessment scale -- Laaveg, Ponseti.

Satisfaction (20 points)

I'm•Very satisfied with the end result (20 points)•Satisfied with the end result (16 points)•Neither satisfied nor unsatisfied with the end result (12 points)•Unsatisfied with the end result (8 points)•Very unsatisfied with the end result (4 points)

Function (20 points)

In my daily life, my clubfoot•Does not limit my activity (20 points)•Occasionally limits my strenuous activities (16 points)•Usually limits me in strenuous activities (12 points)•Limits me occasionally in routine activities (8 points)•Limits me in walking (4 points)

Pain (30)

My clubfoot•Is never painful (30 points)•Occasionally causes mild pain during strenuous activities (24 points)•Usually is painful after strenuous activities only (18 points)•Is occasionally painful during routine activities (12 points)•Is painful during walking (6 points)

Position of heel when standing (10 points)•Heel varus 0° or some valgus (10 points)•Heel varus 0--5° (5 points)•Heel varus 6--10° (3 points)•Heel varus greater than 10° (0 points)

Passive motion (10 points)•Dorsiflexion -- (1 point for every 5° (maximum 5 points))•Total varus--valgus motion of the heel (1 point for every 10° (maximum 3 points))•Total inversion--eversion of foot (1 point per 25° (maximum 2 points))

Gait•Normal (6 points)•Can toe walk (2 points)•Can heel walk (2 points)•Limp (−2 points)•No heel strike (−2 points)•Abnormal toe-off (−2 points)

Physical exam:•Dorsiflexion ankle•Heel varus--valgus•Inversion and eversion of the forefoot•Heel orthostatism position•Metatarsal adduction in orthostatic position

Radiological assessment (AP + lateral)

Anteroposterior:•Talocalcaneal angle -- assesses the varus--valgus of the hindfoot

Lateral:•Talocalcaneal angle

Appendix 2. Tables of patients {#sec0050}
==============================
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Study conducted at the Department of Orthopedy and Traumatology, Faculdade de Medicina de São José do Rio Preto (Famerp), São José do Rio Preto, SP, Brazil.

![Kite angle in anteroposterior view.](gr1){#fig0005}

![Kite angle in lateral view.](gr2){#fig0010}

![Long leg plaster cast correcting cavus, varus, and adduction.](gr3){#fig0015}

![Seven-year-old patient, five years after Achilles tenotomy.](gr4){#fig0020}
